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ABSTRACT 


This  paper  reviews  physiological  experiments  which  have  been 
carried  out  to  determine  if  heat  loss  from  the  body  is  greater  in  cold-wet  , 
temperatures  and  humidities.  It  also  reviews  the  effect  of  solar  radiation 
the  interaction  of  skin  and  humidity  and  skin  and  temperature  and  other 
postulations  for  the  cold-wet  sensation.  It  concludes  that  the  best 
explanation  for  the  chilling  effect  of  cold-wet  is  the  penetration  of  fine 
water-vapour  aerosols  into  clothing  which  reduces  its  insulation. 

Experiments  would  be  needed  to  confirm  this. 


RESUME 


Cette  note  technique  pr#sente  une  revue  des  experiences 
physiologiques  effectu4e3  dans  le  but  de  determiner  si  la  perte  de  chaleur 
du  corps  humaln  est  plus  iraportante  dans  les  conditions  de  temperature  et 
d'humidite  rencontrees  en  climat  froid  et  mouilie.  On  examine  aussi  I'effet 
de  la  radiation  solaire,  1' interaction  entre  la  peau  et  I’humldite,  entre  la 
peau  et  la  temperature  de  mSme  que  certains  postulats  ayant  ete  emis  en  ce 
qui  concerne  la  sensation  froid-mouilie.  On  conclut  que  la  meilleure 
explication  pour  I'effet  refroidissant  du  froid-mouilie  vlent  de  la 
penetration  d'un  fin  aerosol  de  vapeur  d’eau  au  travers  des  vStements 
resultant  en  une  diminution  de  1' isolation  thermique.  Des  experiences 
additionneiles  seront  necessaires  pour  confirmer  cette  hypothese. 


(iii) 


Accession  For  ^ 

NTIS 

GRA&I  df 

DTIC  TAB  T3  I 

Unannounced  Q  ' 

Juati 

n ret  inn 

Bv 

- J 

Dlstr 

ibutlon/ 

Availability  Codes 

jAvail  and/or 

Dlst 

Special 

1 


INTRODUCTION 


Considerable  research  has  been  directed  towards  protecting  the 
soldier  in  cold-dry  conditions,  rather  than  cold-wet  conditions.  The 
prediction  of  heat  and  moisture  transfer  is  relatively  straightforward  in 
cold-dry  conditions  since  environmental  moisture  can  be  ignored.  Further, 
the  physiological  evaluation  of  cold-dry  in  clothing,  sleeping  bags  and 
tents  can  be  carried  out  in  cold  chambers  where  there  is  no  need  to  control 
humidity  since  it  is  always  low  under  cold-dry  conditions.  Cold-wet 
conditions  are  not  so  easy  to  simulate  indoors,  so  have  tended  to  be 
ignored.  Recently  the  Canadian  Forces  has  asked  that  cold-wet  as  well  as 
cold-dry  conditions  be  addressed.  A  literature  search  found  no  formal 
definition  of  cold-wet,  but  rather,  attempts  to  try  to  explain  why  it  makes 
one  feels  so  cold.  This  paper  reviews  the  work  done  to  determine  what 
factors  make  cold-wet  conditions  so  chilling. 


PHYSIOLOGICAL  EXPERIMENTS 


One  of  the  explanations  as  to  why  one  feels  "chilled-to-the-bone" 
in  cold-wet  conditions  has  been  that  damp  air  is  a  better  conductor  of  heat 
than  dry  air  and  so  conducts  heat  away  from  the  body,  leaving  it  feeling 
cold.  In  the  late  fifties,  lampietro  at  Natick,  Renbourne  in  the  UK  and 
Burton  in  Canada  all  conducted  physiological  studies  to  test  this  idea. 

lampietro  et  al  (1)  exposed  nude  subjects  to  dry  bulb  temperatures 
of  10  and  15.5°C,  relative  humidity  of  30  and  95%  and  wind  speeds  of  16 
km/h  and  less  than  1.6  km/h.  They  measured  skin  and  rectal  temperatures 
and  oxygen  consumption,  calculated  heat  production  and  used  questionaires 
to  obtain  subjective  responses.  They  found  that  relative  humidity  had 
little  or  no  effect  on  either  the  physiological  or  the  subjective 
responses.  Wind  had  the  greatest  effect  and  the  dry  bulb  temperatures  had 
a  marked,  but  somewhat  lesser  effect.  The  authors  say  that  the  results  of 
this  study  do  not  necessarily  rule  out  a  physiological  basis  for  cold-wet 
sensations  and  so  lampietro  (2)  did  similar  experiments  with  lightly 
clothed,  rather  than  nude,  subjects.  He  used  dry  bulb  temperatures  of 
4.4°C  and  10°C  and  relative  humidities  of  30  and  lOOJ.  He  also  found  that 
the  relative  humidity  had  no  effect  on  the  physiological  responses  measured 
wliile  ’•he  wind  and  dry  bulb  temperature  did. 
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Renbourne  et  al  (3)  exposed  clothed  men  at  rest  to  either  of  two 
conditioning  'indoor'  environments,  a  British  cool,  moist  one  and  an 
American  warm,  dry  one  for  45  minutes.  The  men  were  then  exposed  to  a  cold 
environment  (2.2°C  or  36°F)  at  a  moderate  and  a  high  relative  humidity,  50% 
and  80%  respectively.  Renbourne  measured  skin  and  rectal  temperatures,  the 
clothing  temperature  gradients,  nude  body  weight  change,  metabolic  rate  and 
collected  subjective  responses.  No  objective  or  subjective  physiological 
difference  of  practical  importance  was  found  as  a  result  of  relative 
humidity  except  that  the  chest  was  slightly  warmer  at  the  higher  humidity. 

In  Burton's  experiments  (4),  unclothed  subjects  rested  for  100 
minutes  in  rooms  set  at  8.8°C  (48°F)  and  at  14.4°C  (58°F)  with  nominal 
humidities  of  30  or  80%.  Burton  found  that  the  mean  skin  temperatures  were 
the  same  for  the  two  humidities  and  that  there  was  a  significant  rise  in 
rectal  temperature  at  the  lower  humidity.  He  attributed  this  to 
vasoconstriction  and  to  a  greater  increase  in  metabolic  rate  because 
shivering  was  greater  and  more  severe  at  the  lower  humidity.  He  also  found 
the  sensation  of  cold  to  be  greater  at  the  lower  relative  humidity.  He 
suggested  that  the  paradox  of  a  greater  sensation  of  cold  and  metabolic 
response  at  low  humidities,  though  skin  temperatures  and  heat  loss  were 
independent  of  humidity  could  be  due  to  the  uptake  of  moisture  in  the  skin 
at  high  humidities  which  causes  an  increased  thermal  conductivity  in  the 
region  of  the  receptors.  At  the  end  of  the  exposures,  the  average  skin 
temperature  was  about  22°C  in  the  8.8®C  environment  and  about  25°C  in  the 
14.4®C  environment. 

So  why  did  the  researchers  not  find  any  significant  difference  in 
the  physiological  responses  at  low  and  high  humidities?  Renbourne  et  al 
(3)  concluded  that  there  is  no  basis  for  the  supposition  that  moist  air  is 
either  a  better  thermal  conductor  or  a  more  efficient  heat  convector  than 
dry  air.  Further,  since  they  could  not  show  that  the  physiological 
difference  between  dry-cold  and  damp-cold  is  not  due  to  properties  of  humid 
air,  then  they  thought  that  it  must  be  due  to  associated  weather  or 
climatic  differences.  They  concluded  that  data  from  physical  models  and 
from  physiological  experiments  in  climatic  chambers  cannot  be  directly 
transposed  into  the  realities  of  the  fighting  soldier  in  the  field, 
lampletro  concurred  with  this,  pointing  out  that  it  was  important  to 
recognize  the  limitations  of  chamber  studies  in  differentiating  between 
dry-cold  and  wet-cold.  The  chamber  does  not  simulate  radiation  or 
precipitation.  The  radiative  loss  from  the  body  to  the  chamber  walls  and 
ceiling  at  a  given  ambient  temperature  are  the  same  whether  the  humidity  is 
high  or  low.  lampietro  noted  that  the  fluctuations  in  out-of-doors 
climatic  conditions  versus  the  constant  steady-state  of  the  chamber  could 
alter  subjects'  responses.  He  suggested  that  if  the  differences  in  cloud 
cover,  indirect  radiation  and  solar  radiation  between  cold-wet  and  cold-dry 
conditions  could  be  simulated,  then  it  might  be  possible  to  see  the 
physiological  responses  of  the  subjects.  Renbourne  pointed  out  that  a  fine 
precipitation  in  the  form  of  mist  (water  particles  of  about  50)j)  exists  in 
humid  cold  conditions  and  it  can  penetrate  clothing  to  impair  its  thermal 


-  3  - 


insulation  and  that  the  sorption  of  heat  of  clothing  is  closely  bound  up 
with  cold-damp  conditions. 

None  of  the  researchers  had  trouble  controlling  the  temperature  in 
the  chambers,  but  all  had  trouble  controlling  the  humidity.  In  Renbourne's 
study,  the  amount  of  absolute  moisture  in  the  air  at  the  upper  limit  of  the 
lower  humidity  and  the  lower  limit  of  the  higher  humidity  were  similar.  In 
lampietro's  first  experiment,  the  absolute  moisture  in  the  air  at  the  two 
temperatures  also  were  similar  at  low  humidities.  In  Burton's  experiments, 
four  out  of  the  nine  experiments  at  the  "low"  humidity  had  similar  amounts 
of  absolute  moisture  in  the  air  whether  the  temperature  was  8.8  or  14.4°C. 
It  is  suggested  that  the  similarity  in  test  conditions  may  account  for  the 
similarity  of  test  results.  Alternatively,  the  differences  in  humidity  may 
have  been  too  subtle  to  produce  a  measureable  physiological  difference. 

Gooderson  (5)  included  precipation  in  his  study  where  he  exposed 
clothed  subjects  to  6®,  20  mph  wind  and  30  mm/h  rain  for  75  minutes  and 
then  to  -8.5°C  with  no  wind  in  a  cold  chamber  for  6  h.  The  subjects  did 
get  cold  and  individuals  having  to  be  withdrawn  from  the  experiment 
included  the  majority  of  those  wearing  the  Korean  boot  as  well  as  a 
minority  of  those  wearing  the  Mukluk/NBC  overboot.  Leakage  occurred  up  the 
arms,  down  the  neck  and  at  pressure  points  at  the  knees  (from  crawling)  and 
in  the  middle  of  the  back  and  waist  from  the  rucksack  and  belt.  Gooderson 
found  that  one  of  the  problems  was  in  keeping  the  subjects  dry  while 
active. 


Woodcock  (6)  did  some  theoretical  calculations  on  the  effect  of 
ambient  temperature  and  humidity  on  heat  transfer  through  insulation.  He 
concluded  that  ambient  humidity  had  very  little  effect  on  the  sensation  of 
cold-wet  above  12°C  or  below  -14°C.  Between  these  two  temperatures,  liquid 
condensation  would  occur  in  clothing,  reducing  its  insulatlve  value.  Below 
-14°C,  frost  rather  than  liquid  would  form.  Since  frost  is  a  solid,  it 
would  not  spread  as  water  could  to  decrease  further  the  clothing 
insulation.  He  says  that  a  man  will  not  feel  cold  while  he  is  active  and 
sweating  and  that  the  sensation  of  damp-cold  will  normally  occur  when  he  is 
inactive  and  at  a  low  rate  of  metabolic  heat  generation.  Presumably 
Woodcock  means  inactive  after  sweating  when  there  is  condensation  in  the 
clothing. 


SOLAR  RADIATION 


It  is  known  that  solar  radiation  is  absorbed  by  water  vapour,  but 
it  is  also  scattered  by  it.  It  is  estimated  that  10?  of  solar  radiation  is 
scattered  by  water  vapour  in  all  directions,  including  back  out  into  space. 
Aerosols  of  water  in  clouds  reflect  incident  solar  energy.  The  upper 
surface  of  a  stratus  cloud  cover  can  reflect  70?  of  the  radiation  incident 
upon  it.  Still  more  is  reflected  in  the  cloud  (7).  Thus,  under  cloudy 
conditions,  much  less  solar  radiation  reaches  the  earth  than  under  clear 
conditions.  Albedo,  the  fraction  of  the  incident  energy  which  is  reflected 
by  a  surface,  varies  considerably  with  the  terrain.  The  albedo  of  bare 
ground  is  7  to  20?  and  for  snow  is  to  86?.  The  radiation  reflected  by 
the  snow  is  partially  scattered  back  to  the  ground  by  the  atmosphere.  This 
is  particularly  pronounced  when  it  is  overcast  because  the  radiation  is 
strongly  reflected  back  towards  the  ground  by  the  base  of  the  clouds  (8). 
Thus,  one  will  receive  more  solar  radiation  when  there  is  snow  on  the 
ground  (i.e.  cold-dry)  than  when  the  ground  is  bare,  especially  on  cloudy 
days  (i.e.  cold-wet). 

Woodcock  (6)  also  points  out  the  importance  of  solar  radiation 
which  Increases  the  temperature  of  clothing  and  so  reduces  the  condensation 
occurring  in  it.  He  says  that  clothing  may  feel  damp  due  to  lack  of  solar 
radiation  and  not  because  of  the  high  relative  humidity  in  the 
environment . 

Breckenridge  and  Goldman  (9,10,11))  have  proposed  a  physiological 
model  to  include  solar  radiation  on  a  clothed  man,  based  on  results  of 
experiments.  From  August  to  December  (10),  they  carried  out  72  experiments 
to  measure  the  solar  load,  out  of  doors,  on  manikins  dressed  in  the  United 
States  fatigue  uniform.  They  measured  solar  loads  of  16  to  171  W/m*.  They 
repeated  the  experiments  during  April  and  March  with  the  manikins  wearing 
the  cold-wet  uniform  and  measured  solar  loads  of  0.5  to  71  W/m®  (11). 

It  has  been  suggested  that  one  feels  as  if  the  ambient  temperature 
is  5°C  warmer  than  it  really  is  when  there  is  solar  radiation.  This  is  not 
based  on  scientific  evidence  and  should  be  verified. 


-  5  - 


THE  SKIN  AND  HUMIDITY 


As  mentioned  earlier,  Burton  (4)  put  forth  the  theory  that  the 
chilling  effect  of  cold-wet  is  due  to  the  re-absorption  of  the  sweat  by  the 
skin,  especially  at  high  humidities.  Cassie  (12)  also  expounded  this 
theory,  based  on  a  comparison  between  the  physical  properties  of  a  keratin 
membrane  and  the  skin.  He  had  shown  that,  between  10$  and  20$  regain,  the 
diffusion  coefficient  of  keratin  increases  sharply.  Therefore,  he 
concluded  that  an  increase  in  relative  humidity  would  also  give  an 
increased  diffusion  coefficient  in  skin.  Thus,  under  high  humidity 
conditions  more  moisture  would  diffuse  to  the  skin  surface  and  evaporate 
from  it  than  under  low  humidity  conditions.  He  also  based  this  conclusion 
on  the  fact  that  evaporation  from  a  colloidal  bag  filled  with  water 
decreases  as  the  wind  speed  increases  because  the  higher  wind  speed 
maintains  a  lower  relative  humidity  at  the  surface  of  the  bag.  He  went  on 
to  consider  the  effect  of  temperature  on  skin.  He  explained  that  at  low 
temperatures,  the  blood  capillaries  near  the  surface  of  the  skin  remain 
unfilled  and  so  the  skin  behaves  like  a  thick  membrane.  As  the  temperature 
increases,  the  capillaries  fill  up  so  that  the  skin  can  have  a  greater  heat 
loss.  The  filling  of  these  capillaries  reduces  the  membrane  effect  of  the 
skin,  and  evaporation  is  now  more  akin  to  evaporation  from  a  free  surface. 
Higher  relative  humidity  of  the  surrounding  air  reduces  the  rate  of 
evaporation. 

Cassie  goes  on  to  say  that  in  cold-wet  conditions  with  low 
temperatures  and  high  humidities,  the  skin  will  act  like  a  thick  keratin 
membrane  which  will  readily  pass  moisture  through  it.  As  this  moisture 
evaporates,  the  relative  humidity  surrounding  the  skin  increases.  If  the 
clothing  over  the  skin  does  not  permit  the  water  vapour  to  pass  readily  to 
the  outside  air,  the  relative  humidity  next  the  skin  will  increase  and  the 
skin  will  lose  more  heat  by  evaporation.  This  is  a  snowball  effect,  for  as 
the  water  vapour  accumulates,  the  body  increases  its  evaporation  to  give  an 
even  greater  accumulation.  Thus,  Cassie  says,  at  low  temperatures,  when 
the  air  next  to  the  skin  is  damp,  evaporation  increases  as  does  heat  loss, 
giving  rise  to  the  complaint  of  feeling  colder  on  a  damp  day  than  on  a  dry 
day . 


Another  'textile*  theory  which  can  be  put  forth  for  the  sensation 
of  cold-wet  Is  that  when  one  goes  from  a  relatively  dry,  warm  indoor 
environment  to  a  damp,  cold  outdoor  environment,  the  exposed  skin  on  the 
face  will  act  like  typical  wool  fabric,  that  is,  produce  heat  due  to  the 
absorption  of  water.  However,  this  phenomenon  may  not  be  real  since  the 
absolute  humidity  outside  is  considerably  less  than  indoors  and  the  face 
temperature,  although  cooling  somewhat,  does  not  cool  to  ambient  as  a  wool 
fabric  would.  Thus,  the  relative  humidity  at  the  face  would  probably  be 
considerably  lower  outdoors  than  indoors  and  no  absorption  of  water  vapour, 
and  thus  production  of  heat  would  occur. 
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Lamke  and  Wedin  (13)  studied  how  the  temperature  and  humidity  of 
surrounding  air  influenced  evaporation  from  normal  skin.  They  compared 
evaporation  at  28°C  and  20,  40  and  80$  relative  humidities.  They  expected 
to  find  lower  evaporation  in  the  more  humid  environment  because  of  the 
reduced  capacity  of  the  ambient  air  to  take  up  more  water.  However,  they 
found  that  evaporation  from  the  skin  remained  unchanged  at  the  different 
humidities.  They  explained  this  by  the  fact  tnat  the  water  supply  to  the 
skin's  surface  at  28°C  is  insignificant  compared  with  the  evaporation  and 
transport  capacity  of  the  passing  air  which  would  easily  carry  away  this 
water,  whether  the  air  is  dry  or  moist.  They  give  as  another  contributory 
factor,  that  the  skin  is  hydrophilic  and  contains  more  water  when  the 
humidity  is  higher.  This  causes  a  higher  degree  of  water  penetration  out 
through  the  moist  skin.  This  agrees  with  Caissie's  theories. 

Spruit  and  Malten  (14)  studied  the  water-vapour  loss  through  skin 
from  the  back  of  a  cadaver  and  found  that  it  decreased  as  the  environmental 
air  became  more  humid.  They  also  found  an  increase  in  permeability  with 
increasing  humidity,  although  not  so  much  as  to  offset  the  reduced 
water- vapour  loss. 

McIntyre  and  Griffiths  (15)  exposed  72  people  to  23  and  28®C  and 
three  levels  of  humidity,  20,50  and  75$.  At  both  temperatures,  the 
subjects  distinguished  between  the  humidities  on  evaluative  scales.  Both 
the  low  and  high  humidities  were  found  more  oppressive  and  uncomfortable 
than  50$.  The  highest  humidity  was  found  more  oppressive,  more 
uncomfortable  and  more  moist.  The  combined  28®C,  20$  R.H.  condition  was 
preferred  to  the  other  combinations  of  temperature  and  humidity. 

Buettner  (16)  showed  that  when  atmospheric  vapour  pressure  is  above 
2800  Pa,  water  vapour  passes  into  the  skin  (negative  insensible 
perspiration).  However,  the  temperature  at  which  the  saturation  vapour 
pressure  is  2800  Pa  is  about  23®C.  If  Buettner' 3  results  were  correct,  then 
people  in  hot  humid  climates  should  look  like  wrinkled  prunes.  One  can 
only  conclude  that  Buettner' s  experimental  method  may  be  somewhat  suspect. 


THE  SKIN  AND  TEMPERATURE 


Another  theory  is  that  the  sensation  felt  when  going  outside  into 
a  cold-wet  environment  is  related  to  the  cooling  of  the  face.  Steegmann 
(17)  found  that  the  facial  sites  cooled  by  convection  are  usually  ranked 
from  the  forehead  (warmest)  through  malar,  cheek  and  chin  to  nose 
(coldest).  When  cooled  by  still  air,  the  sites  tend  to  retain  the  same 


ranking,  but  there  is  more  variation  in  the  ranking.  He  assumed  that 
"facial  skin  cools  passively  by  local  direct  action  of  cold  on  the  tissue 
itself  with  cooling  resistance  coming  arterially  from  deep-body  heat  and 
possibly  modified  by  occasional  low-grade  vasodilation". 

When  LeBlanc  et  al  (18)  measured  the  skin  temperature  of  the  face, 
they  found  that  the  cheek  cools  faster  than  the  nose  and  the  nose  faster 
than  the  forehead,  so  that  the  forehead  was  the  warmest  and  the  cheek, 
coolest.  The  cooling  effect  of  the  wind  was  at  a  maximum  at  wind  speeds 
between  4.5  and  6.7m/s  (16.2  to  24.12  km/h)  and  cold  winds  produce  a 
significant  decrease  in  heart  rate.  They  found  a  very  significant 
correlation  between  face  cooling  and  subjective  evaluation  of  cold 
discomfort,  with  maximum  comfort  at  about  33®C  and  a  sharp  decrease  in 
comfort  at  15®C.  There  is  no  mention  of  humidity  in  this  study. 


OTHER  REASONS  FOR  THE  COLD-WET  SENSATION 


Renbourne  (19,20)  took  a  particular  interest  in  cold-wet,  including 
writing  a  historical  survey  of  it.  He  notes  that  more  than  two  centuries 
ago,  it  was  suspected  that  the  effects  of  a  temperate  winter  involved  much 
more  than  the  physical  properties  of  humid  air  and  even  its  effects  on 
clothing  and  skin.  He  goes  on  to  describe  the  experiences  of  Moricheau 
Beaupr^,  a  French  army  surgeon  during  the  disastrous  Russian  campaign  of 
1  81  2, 

"He  (Beaupr^)  divided  cold  into  ’real'  and  'sensible'  the  former 
representing  that  of  the  environment,  and  the  latter  the 
sensations  (which  could  be  modified  by  the  'nervous  power')  felt 
by  the  body.  'Real'  cold  was  of  a  dry  or  damp  nature.  In  dry 
cold  the  atmospheric  temperature  fell  to  freezing  point  or 
below,  the  air  contracted  and  its  water  vapour  greatly 
diminished.  Hence,  he  argued,  its  oxygen  must  be  greater;  and 
since,  furthermore,  the  insensible  persoiration  of  the  lungs 
increased  (that  of  the  skin  decreased),  respiration  was 
enhanced  and  the  whole  body  stimulated  to  greater  activity.  He 
said  "Dry  cold  is  a  sign  of  a  durable  or  little  variable 
atmospheric  state;  no  evaporation  from  the  ground  occurs,  the 
heavens  are  sere,  the  air  light,  cheery,  pure  and  clear;  this 
condition  is  salutary  to  man.  Humid  cold  is  characterized  by  a 
less  depression  of  temperature  but  it  holds  its  aqueous  vapour. 

The  humid  state  is  noxious  and  is  the  most  dangerous  enemy  of 
the  animal  economy;  it  produces  effects  altogether  opposed  to 
the  former." 
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Renbourne  comments  that  although  Beaupr6  was  well  aware  that  the 
difference  between  dry  and  damp-cold  depended  on  weather  and  climate  and 
not  simply  on  humidity  alone,  Beaupr4  failed  to  stress  the  importance  of 
barometric  pressure,  the  sun  and  the  wind.  Renbourne  himself  suggested 
that  damp  cold  may  be  associated  with  the  interacting  variables  of  a 
weather  front,  that  is,  a  falling  barometer,  a  changing  air  temperature 
(between  1.7  and  10°C),  generalized  clouds,  an  increased  electrical  state 
of  the  atmosphere,  gusty  winds  and  the  likelihood  of  rain.  He  points  out 
that,  in  contrast,  dry-cold  may  occur  with  a  rising  barometer,  a  stable 
lower  temperature,  clear  skies,  little  wind  and  bright  sunlight.  He  says 
that  cold  hands  and  feet  are  a  symptom  of  dry-cold  and  being  cold  all  over 
a  symptom  of  cold-damp. 

He  goes  on  to  cite  some  authors  who  assumed  that  the  factors 
constituting  a  weather  front  may  have  an  effect  on  the  higher  nervous 
centre,  with  resulting  changes  in  pulse  rate,  blood  pressure,  blood  cells 
etc.  As  a  result,  water  retention  in  the  tissues  could,  conceivably, 
explain  the  clinical  phenomena  associated  with  the  body  acting  as  "a  cosmic 
resonator".  Then  there  are  the  psychological  aspects  of  weather.  Bright 
colours  and  a  clear  sky  produce,  in  some  Individuals,  a  feeling  of  warmth. 
Renbourne  supposes  that  perhaps  in  the  absence  of  sun  and  the  presence  of 
cloud,  the  thought  of  impending  rain  may  in  a  similar  way  induce  a  feeling 
of  cold  or  of  damp. 

Books  have  been  written  on  the  anecdotical  effect  of  weather  on 
humans.  One  such  is  Persinger's  "The  Weather  Matrix  &  Human  Behaviour" 
(21).  In  it,  he  comments  that  frontal  systems  cause  human  beings  to 
adjust,  during  which  time  the  living  system  can  display  physiological, 
chemical,  endrocine,  humoral  (blood-related)  or  behavioural  responses  and 
that  a  given  air  mass  contains  a  variety  of  different  physical  and  chemical 
parameters  which  can  stimulate  the  human  being.  They  include  temperature, 
relative  humidity,  barometric  pressure,  wind  speed,  air  ions, 
electromagnetic  waves,  aerosols  and  organic  materials.  He  notes  that  these 
factors  can  influence  local  geophysical  conditions  to  release  soil  gases, 
alter  electric  fields  or  change  the  relative  acidity  of  the  air.  According 
to  Persinger,  the  important  triad  is  temperature,  relative  humidity  and 
barometric  pressure,  since  "single  correlational  analyses  are  prone  to 
critical  intrinsic  flaws".  He  suggests  including  confounding  factors  such 
as  snowfall,  rainfall  and  wind  speed  and  if  possible,  temperature, 
humidity,  barometric  pressure,  sunshine  hours,  wind  speed  and  direction, 
geomagnetic  activity,  solar  measures  (X-ray  bursts)  and  lunar  phase. 

Persinger  correctly  explains  that  warm  air  contains  more  moisture 
than  cold  air.  Unfortunately  he  forgets  this  when  he  explains  the 
phenomenon  of  cold-wet.  He  says  that  "sudden  influxes  of  cool  and  very 
humid  air  significantly  accelerate  the  rate  at  which  heat  is  lost  from  the 
skin  and  lungs.  The  increased  water  content  of  the  cold  air  (!)  acts  like 
a  heat  sink.  Heat  energy  from  the  body  is  absorbed  by  the  cold  water 
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vapour,  resulting  in  relatively  quicker  drops  in  peripheral  body 
temperature.  Even  when  the  hypothalamic  centers  compensate  for  these 
losses,  the  humid,  cool  air  continues  to  quickly  absorb  biologically 
generated  heat  energy." 

Persinger  does  make  some  interesting  comments,  such  as  the  fact 
that  the  color  gray  is  associated  with  depressions  or  "blahness"  and  blue 
with  cheery,  emotive  feelings  and  that  these  are  conditioned  responses. 

He  notes  that  October,  November,  March  and  April  are  the  months  with 
greatest  changes  in  temperature  and  that  in  Bavaria,  a  few  hours  after  a 
cold  front  with  rain  showers  passes,  the  barometric  pressure  begins  to 
rise,  the  temperature  falls  steeply,  the  humidity  remains  relatively  high 
and  the  people  report  an  uncomfortable  penetrating  cold. 

Rosen  (22)  has  written  another  anecdotical  book  on  weathering.  In 
it,  he  quotes  Wilder's  Law  which  says  that  your  reaction  to  any  stimulus 
depends  on  your  prior  level  of  arousal  or  excitation.  In  this  present 
context,  this  may  mean  that,  if  once  in  your  life,  you  got  "chilled  to  the 
bone"  and  the  weather  conditions  were  "cold-damp",  then  the  next  time  you 
encounter  similar  weather  conditions,  you  recall  the  sensation  of  being 
chilled  without  actually  being  physiologically  chilled. 

Low  temperatures  are  associated  with  cold-dry.  The  threat  to 
well-being  is  obvious  and  is  immediately  sensed  on  the  face.  Measures  are 
taken  to  reduce  exposure  or  increase  clothing  insulation.  In  cold-wet, 
this  may  or  may  not  be  true.  The  threat  is  insidious  and  a  heat  debt  may 
result.  Osczevski  (23)  has  shown  that  cold  injury  rates  in  military 
exercises  in  the  cold-wet  range  can  be  twice  the  rate  experienced  at 
-30°C. 


CONCLUSIONS 


Experiments  and  postulation  have  not  given  satisfactory  proof  or 
explanations  for  what  makes  one  "chilled  to  the  bone"  in  cold-wet 
conditions.  It  is  considered  that  the  best  explanation  is  that  given  by 
Renbourne,  namely  that  fine  water  particles  exist  in  cold-wet  conditions 
and  these  penetrate  clothing  to  reduce  insulation.  This  author  would  add 
that  it  is  the  sensation  of  these  aerosol  particles  hitting  the  face  which 
identifies  for  the  person  that  he  is  in  cold-wet  conditions.  These 
theories  could  be  proven  or  otherwise  by  exposing  fabric  or  a  face  to  a 
cool,  aerosol-laden  atmosphere  and  noting  any  changes  in  thermal  resistance 
for  the  fabric  and  damp  sensations  in  the  latter.  The  lack  of  solar 
radiation  around  0®C  may  also  contribute  to  the  chilled  sensation,  since  as 
Goldman  and  Breckenridge  have  shown  (10),  solar  radiation  can  add 
considerable  heat  to  the  body. 
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